EP 0 950 527 A2

Européisches Patentamt
European Patent Office

(19) 0’
Office européen des brevets

(12)

(43) Date of publication:
20.10.1999 Bulletin 1999/42

(21) Application number: 99302783.8

(22) Date of filing: 09.04.1999

(11) EP 0950 527 A2

EUROPEAN PATENT APPLICATION

(51) IntcLe: B41J 2/355

(84) Designated Contracting States:
ATBECHCYDEDKESFIFRGBGRIEITLILU
MC NL PT SE
Designated Extension States:
AL LT LV MK RO SI

(30) Priority: 16.04.1998 JP 10596998
23.04.1998 JP 11325298
14.05.1998 JP 13191798

(71) Applicant: ALPS ELECTRIC CO., LTD.
Ota-ku Tokyo 145 (JP)

(72) Inventors:
¢ Takahashi, Hiromitsu
Morioka-shi, lwate-ken (JP)
¢ Zama, Hiroyoshi
Morioka-shi, lwate-ken (JP)
¢ Kobayashi, Hiroshi
lwate-gun, Iwate-ken (JP)

(74) Representative: Kensett, John Hinton
Saunders & Dolleymore,
9 Rickmansworth Road
Watford, Hertfordshire WD1 7HE (GB)

(54) Image recording method

(57) An image recording method performs recording
using an upper band as a recording area formed by one
scan of a recording head, and a lower band as a record-
ing area formed by the next scan of the recording head
s0 as to overlap in a plurality of dots, and performs as-
signment of recording data in the overlapping area to
the upper and lower bands. The assignment includes
successively identifying each dot of the recording head
in the scanning direction thereof; providing successive
flags to the dots when the dots have the recording data;
and assigning, to the upper band and the lower band,

the recording data in the successive dots provided with
the successive flags only when no recording data is de-
tected. In addition, when the assignment is performed,
the recording data in the successive dots provided with
the successive flags are divided into two groups in the
scanning direction of the recording head. Moreover,
when the assignment is performed, from among the re-
cording data in the successive dots provided with the
successive flags, the recording data in at least one dot
is extracted and added to another dot in the scanning
direction which has no recording data.
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Description

[0001] The present invention relates to image record-
ing methods, and in particular, to an image recording
method in which the upper and lower bands of a record-
ing head are overlapped for recording, and recording
data for a plurality of dots in the overlapping recording
area are assigned to the upper and lower bands when
recording is performed.

[0002] In general, thermal transfer printers are widely
used as output apparatuses for computers, word proc-
essors, etc., because of high recording quality, low
noise, low cost, and ease of maintenance.

[0003] Inthesetypical thermaltransfer printers, paper
is supported in front of a platen, and a heating-element-
formed thermal head is mounted on a carriage. While
the thermal head and the carriage are reciprocally
moved along the platen when an ink ribbon and the pa-
per are supported between the thermal head and the
platen, the ink ribbon is reeled out, and power is selec-
tively supplied, based on recording information, to the
heating elements, whereby a portion of ink is transferred
from the ink ribbon onto the paper so that images such
as the desired characters are recorded on the paper.
[0004] These thermal transfer printers have problems
in that, due to paper feeding errors or the like, an area
recorded by one scan of the thermal head, and an area
recorded by the next scan are so close to each other
that a so-called "black line" is generated, and in that the
areas are conversely so far apart that a so-called "white
line" is generated.

[0005] By way of example, in the case where basic
dots comprised of an N X M dithering matrix are used
as basic cells, and recording is performed at a negative
screen angle, with the basic cells used so as to be shift-
ed downward in the scanning direction of the thermal
head, when the feeding amount of the paper is approx-
imate, as shown in Fig. 54, the distance between a re-
cording area (upper band) formed by one scan of the
thermal head, and a recording area (lower band) formed
by the next scan of the thermal head, is uniform.
[0006] When the feeding amount of the paper is too
small as shown in Fig. 55, the distance between the up-
per and lower bands narrows to generate a black line.
When the feeding amount of the paper is too large, the
distance between the upper and lower bands increases
to generate a white line. The generated black line and
white line are visually undesirable, and greatly affect re-
cording image quality.

[0007] Accordingly, in orderto prevent black lines and
while lines from being generated, a conventional record-
ing method is employed in which the upper and lower
bands overlap.

[0008] Fig. 57 shows the outline of the conventional
recording method. According to the conventional re-
cording method, when a thermal head has, for example,
240 heating dots, recording is performed using an upper
band and a lower band to overlap so that the 237th,
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238th, 239th, and 240th dots in the upper band respec-
tively correspond to the 1st, 2nd, 3rd, and 4th dot in the
lower band. Recording data for the four common dots
are assigned to the upper and lower bands.

[0009] In assignment of the recording data, in the
overlapping recording area (for four bits), while the dots
of the thermal head in the arrangement direction (col-
umn direction) are being identified, recording data are
assigned for each column to the upper and lower bands.
In other words, in the case where all four dots in the first
column have recording data, as shown in Fig. 57, among
the data in the four dots, the first and second dot data
are assigned to the upper band, and the third and fourth
dot data are assigned to the lower band. In the second
column, the first dot data is assigned to the upper band,
and the third and fourth dot data are assigned to the
lower band. In the third column, the first dot is assigned
to the lower band.

[0010] As described above, the conventional record-
ing method performs recording in an overlapping re-
cording area by appropriately assigning, for each col-
umn, recording data in the dots of a thermal head to up-
perand lower bands, and driving, based on the assigned
recording data, heating elements as the dots.

[0011] The conventional thermal transfer printers
have a problem in that the processing amount of record-
ing data is extremely large, substantially delaying
processing speed since the recording data in dots are
assigned for each column. Therefore, in recording that
must process a large amount of recording data, such as
the case where multigradation recording is performed
by controlling, for example, a time for supplying power
to the heating dots of a thermal head, and changing the
diameter of each dot, a further problem occurs in that
high speed recording cannot be performed because the
processing of the recording data is insufficient so that
recording speed is reduced.

[0012] Accordingly, it is an object of the present inven-
tion to provide an image recording method for perform-
ing high speed recording by greatly increasing record-
ing-data processing speed and for obtaining high-qual-
ity recording images by preventing white lines and black
lines from appearing in images.

[0013] It is another object of the present invention to
provide an image recording method for providing a sim-
plified technique of assigning recording data, compared
with a conventional technique of assigning recording da-
tafor each column, and for easily and rapidly processing
recording data by substantially reducing the amount of
processing.

[0014] ltis still another object of the present invention
to provide an image recording method for performing the
fixed-form assignment of recording data in accordance
with a plurality of groups of successive flags provided to
the dots having the recording data.

[0015] It is a further object of the present invention is
to provide an image recording method for using three
colors, cyan, magenta, and yellow to perform the appro-
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priate recording of full color images.

[0016] Itis astill further object of the present invention
to provide an image recordingmethod for performing the
appropriate recording of monochrome images by as-
signing monochrome recording data.

[0017] To these ends, according to an aspect of the
present invention, the foregoing objects are achieved
through provision of an image recording method includ-
ing the steps of feeding recording paper so that record-
ing is performed by using an upper band as a recording
areaformed by one scan of a recording head, and a low-
er band as a recording area formed by the next scan of
the recording head so as to overlap in a plurality of dots;
performing assignment of recording data in the dots in
the overlapping recording area to the upper band and
the lower band; and driving, based on the assigned re-
cording data, the recording elements of the recording
head to perform recording; wherein the assignment in-
cludes the steps of successively identifying each dot of
the recording head in the scanning direction thereof;
providing successive flags to the dots when the dots
have the recording data; and assigning, to the upper
band and the lower band, the recording data in the suc-
cessive dots provided with the successive flags only
when no recording data is detected.

[0018] According to another aspect of the present in-
vention, the foregoing objects are achieved through pro-
vision of an image recording method including the steps
of feeding recording paper so that recording is per-
formed by using an upper band as a recording area
formed by one scan of a recording head, and a lower
band as a recording area formed by the next scan of the
recording head so as to overlap in a plurality of dots;
performing assignment of recording data in the dots in
the overlapping recording area to the upper band and
the lower band; and driving, based on the assigned re-
cording data, the recording elements of the recording
head to perform recording; wherein the assignment in-
cludes the steps of successively identifying each dot of
the recording head in the scanning direction thereof;
providing successive flags to the dots when the dots
have the recording data; and dividing, into two groups,
the recording data in the successive dots provided with
the successive flags only when no recording data is de-
tected, and assigning the groups to the upper band and
the lower band.

[0019] Accordingto afurther aspect of the present in-
vention, the foregoing objects are achieved through pro-
vision of an image recording method including the steps
of feeding recording paper so that recording is per-
formed by using an upper band as a recording area
formed by one scan of a recording head, and a lower
band as a recording area formed by the next scan of the
recording head so as to overlap in a plurality of dots;
performing assignment of recording data in the dots in
the overlapping recording area to the upper band and
the lower band; and driving, based on the assigned re-
cording data, the recording elements of the recording
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head to perform recording; wherein the assignment in-
cludes the steps of successively identifying each dot of
the recording head in the scanning direction thereof;
providing successive flags to the dots when the dots
have the recording data; extracting the recording data
in at least one dot from among the recording data in the
successive dots provided with the successive flags only
when no recording data is detected, and adding the ex-
tracted recording data to another dot in the scanning di-
rection which has no recording data; and assigning the
extracted and added recording data to the upper band
and the lower band.

[0020] According to the present invention, recording
in the scanning direction of a recording head by dots
arranged at appropriate intervals is performed. This pre-
vents black lines and white lines from being generated
in recording images, whereby extremely high-quality re-
cording images can be obtained, even if the distance
between a upper band and a lower band increases or
decreases due to paper feeding errors.

[0021] According to the present invention, also dots
arranged at appropriate intervals are positioned in the
direction of each column. This prevents black lines and
white lines from being generated in recording images,
whereby extremely high-quality recording images can
be obtained, even if a paper feeding pitch increases or
decreases.

[0022] According to the present invention, recording
so that the positions of recording-data-extracted dots
are blank and recording-data-added dots cover upper
dots is performed. This prevents black lines from clearly
appearing, even if the distance between a upper band
and a lower band decreases due to paper feeding er-
rors. In addition, recording is performed so that record-
ing-data-added dots delete blanks. This prevents white
lines from clearly appearing, whereby very high-quality
images can be obtained, even if the distance between
the upper and lower bands increases.

[0023] According to the present invention, when re-
cording is performed at a positive screen angle, dots
having added lower-raster recording data covers suc-
cessive left dots in a upper raster, and the positions of
recording-data-extracted dots are blank. This prevents
white lines from clearly appearing, even if a paper feed-
ing pitch decreases. When recording is performed at a
negative angle, successive left dots in a lower raster
cover dots having added upper-raster recording data,
and the positions of recording-data-extracted dots are
blank, which prevents black lines from clearly appear-
ing. In either case where the screen angle is positive or
negative, recording is performed so that added right
dots delete a blank between the upper and lower
rasters. This prevents white lines from clearly appear-
ing, even if the paper feeding pitch increases.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Fig. 1is adrawing showingan image recording
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method according to an embodiment of the present in-
vention.

[0025] Fig. 2 is a flowchart showing the assignment
of recording data in an image recording method of the
present invention.

[0026] Fig. 3is a flowchart showing the solid-pattern
processing shown in Fig. 2.

[0027] Fig. 4 is a flowchart showing the return
processing shown in Fig. 2.

[0028] Fig.5isaflowchart showingthe regular pattern
processing shown in Fig. 3.

[0029] Fig. 6 is a flowchart showing the raster
processing for the 238th dot shown in Fig. 2.

[0030] Fig. 7 is a flowchart showing process 0 shown
in Fig. 6.
[0031] Fig. 8 is a drawing showing results of assign-

ment by process 0 shown in Fig. 6.

[0032] Fig. 9 is a flowchart showing process 1 shown
in Fig. 6.
[0033] Fig. 10 is a drawing showing results of assign-

ment by process 1 shown in Fig. 9.

[0034] Fig. 11 is aflowchart showing each of process-
es 2 to 5 shown in Fig. 6.

[0035] Fig. 12 is a drawing showing results of assign-
ment by processes 2 to 5 shown in Fig. 11.

[0036] Fig. 13is aflowchart showing each of process-
es 6 to 14 shown in Fig. 14.

[0037] Fig. 14 is a drawing showing results of assign-
ment by processes 6 to 14 shown in Fig. 13.

[0038] Fig. 15 is a flowchart showing process 15 or
greater shown in Fig. 13.

[0039] Fig. 16 is a drawing showing results of assign-
ment by process 15 or greater shown in Fig. 15.
[0040] Fig. 17 is a flowchart showing the assignment
of recording data in an image recording method of the
present invention.

[0041] Fig. 18is aflowchart showing the solid-pattern
processing shown in Fig. 17.

[0042] Fig. 19 is a flowchart showing the return
processing shown in Fig. 17.

[0043] Fig. 20 is a flowchart showing the regular pat-
tern processing shown in Fig. 18.

[0044] Fig. 21 is a flowchart showing the raster
processing for the 238th dot shown in Fig. 17.

[0045] Fig. 22 is a flowchart showing processing at a
negative screen angle in the even-number processing
shown in Fig. 21.

[0046] Fig. 23 is a drawing showing results of assign-
ment by the even-number processing shown in Fig. 21.

[0047] Fig. 24 is a flowchart processing at a negative
screen angle in the odd-number processing shown in
Fig. 21.

[0048] Fig. 25 is a drawing showing results of assign-

ment by the odd-number processing shown in Fig. 24.

[0049] Fig. 26 is aflowchart showing process 0 shown
in Fig. 21.
[0050] Fig. 27 is a drawing showing results of assign-

ment by process 0.
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[0051] Fig. 28 is a drawing showing processing at a
positive screen angle in the even-number processing
shown in Fig. 21.

[0052] Fig. 29 is a drawing showing results of assign-
ment by processing at a positive screen angle in the
odd-number processing shown in Fig. 21.

[0053] Fig. 30 is a drawing showing an overlapping
recording area formed by an upper band and a lower
band when a paper feeding pitch is appropriate in an
image recording method of the present invention.
[0054] Fig. 31 is a drawing showing an overlapping
recording area formed by an upper band and a lower
band when a paper feeding pitch is narrow in an image
recording method of the present invention.

[0055] Fig. 32 is a drawing showing an overlapping
recording area formed by an upper band and a lower
band when a paper feeding pitch is wide in an image
recording method of the present invention.

[0056] Fig. 33 is a flowchart showing the assignment
of recording data in an image recording method of the
present invention.

[0057] Fig. 34 is a flowchart showing the solid-pattern
processing shown in Fig. 33.

[0058] Fig. 35 is a flowchart showing the return
processing shown in Fig. 33.

[0059] Fig. 36 is a flowchart showing the regular pat-
tern processing shown in Fig. 35.

[0060] Fig. 37 is a flowchart showing the raster
processing for the 238th dot shown in Fig. 33.

[0061] Fig. 38 is a drawing showing results of assign-
ment by process 2 shown in Fig. 37.

[0062] Fig. 39 is aflowchart showing process 2 shown
in Fig. 37, which is performed at a positive screen angle.
[0063] Fig. 40 is aflowchart showing process 2 shown
in Fig. 37, which is performed at a negative screen an-
gle.

[0064] Fig. 41 is a drawing showing results of assign-
ment by process 3 shown in Fig. 37.

[0065] Fig. 42 is aflowchart showing process 3 shown
in Fig. 37, which is the assignment of recording data
when a screen angle is positive.

[0066] Fig. 43is aflowchart showing process 3 shown
in Fig. 37, which is the assignment of recording data
when a screen angle is negative.

[0067] Fig. 44 is a drawing showing an overlapping
area formed by an upper band and a lower band in the
case where in an image recording method of the present
invention, a screen angle is positive and a paper feeding
pitch is appropriate.

[0068] Fig. 45 is a drawing showing an overlapping
area formed by an upper band and a lower band in the
case where in an image recording method of the present
invention, a screen angle is positive and a paper feeding
pitch is narrow.

[0069] Fig. 46 is a drawing showing an overlapping
area formed by an upper band and a lower band in the
case where in an image recording method of the present
invention, a screen angle is positive and a paper feeding
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pitch is wide.

[0070] Fig. 47 is a drawing showing an overlapping
area formed by an upper band and a lower band in the
case where in an image recording method of the present
invention, a screen angle is negative and a paper feed-
ing pitch is appropriate.

[0071] Fig. 48 is a drawing showing an overlapping
area formed by an upper band and a lower band in the
case where in an image recording method of the present
invention, a screen angle is negative and a paper feed-
ing pitch is narrow.

[0072] Fig. 49 is a drawing showing an overlapping
area formed by an upper band and a lower band in the
case where in an image recording method of the present
invention, a screen angle is negative and a paper feed-
ing pitch is wide.

[0073] Fig. 50 is a drawing showing the assignment
of recording data in the case where the number of suc-
cessive flags is three.

[0074] Fig. 51 is a drawing showing the assignment
of recording data in the case where the number of suc-
cessive flags is three.

[0075] Fig. 52is aflowchart showing process 0 shown
in Fig. 37.
[0076] Fig. 53 is a drawing showing results of assign-

ment by process 0 shown in Fig. 52.

[0077] Fig. 54 is adrawing showingthe recording pat-
tern between an upper band and a lower band when in
a conventional image recording method, a paper feed-
ing pitch is appropriate.

[0078] Fig. 55 is adrawing showingthe recording pat-
tern between an upper band and a lower band when an
image recording method of the present invention, a pa-
per feeding pitch is narrow.

[0079] Fig. 56 is adrawing showing the recording pat-
tern between an upper band and a lower band when an
image recording method of the present invention, a pa-
per feeding pitch is wide.

[0080] Fig. 57 is a drawing showing processing for re-
cording by using an upper band and a lower band to
overlap in a conventional image recording method.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0081] The addresses ofthe columns in the upper and
lower bands are incremented by one (steps ST277 and
ST278),

[0082] Embodiments of the present invention are de-
scribed below, by way of example only.

[0083] Inthese embodiments, recording is performed
so that a recording area (upper band) formed by one
recording-head scan overlaps with a recording area
(lower band) formed by the next recording-head scan,
as shown in Fig. 1.

[0084] By way of example, in the case where a ther-
mal head has 240 heating dots, the thermal head per-
forms recording so that the 237th, 238th, 239th, and
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240th dots in the upper band correspond to the 1st, 2nd,
3rd, and 4th dots in the lower band. In the four dot po-
sitions, the 237th (1st) dot is used as a reference dot,
and the 238th (2nd), 239th (3rd), and 240th (4th) dots
are assigned to the upper and lower bands.

[0085] In this embodiment, while dots in the scanning
direction (raster direction) are being identified, the dots
in the overlapping recording area are assigned to the
upper and lower bands.

[0086] Next, concerning a means for assigning the
dots of the overlapping area to the upper and lower
bands, afirst embodiment of the present invention is de-
scribed below with reference to Figs. 2 to 16.

[0087] Referringto Fig. 2, a memory for storing data,
and a control circuit are initialized (step ST1) before an
address is set for a dot in an outermost (start) column
in which recording is performed in the overlapping area
(step ST2).

[0088] It is determined whether the dots of the start
column are in a solid pattern (step ST3). The solid pat-
tern is a pattern that should be recorded at a maximum
gradation. In the case where all dots in the column di-
rection are solid, it is determined that the dots are in a
solid pattern.

[0089] If the dots of the columns are in a solid pattern,
a solid flag is provided (step ST4), and solid pattern
processing is performed (step ST5). In the solid pattern
processing, it is determined whether the detected solid
pattern is a first solid pattern (step ST6), as shown in
Fig. 3. If the detected solid pattern is a first solid pattern,
the dots in the column direction are assigned to, e.g.,
the upper band, as dots in which recording is performed
at a maximum gradation (step ST7). Obviously, the dots
in the column direction may be assigned to the lower
band. If the detected solid pattern is not a first pattern,
regular pattern processing is performed (step ST8). In
the regular pattern processing, some dots are subtract-
ed from, for example, the dots in the column direction,
and only the dots in which recording is performed are
assigned to, e.g., the upper band, as dots in which re-
cording is performed at a maximum gradation (step
ST9), as shown in Fig. 5.

[0090] As shown in Fig. 2, the dots of the column are
not in a solid pattern, it is determined whether the dots
of the previous column are in a solid pattern (step ST10).
If the dots of the previous column are in a solid pattern,
return processing is performed (step ST11). In the return
processing, solid flags are cleared (step ST12), and the
dots of the previous column are assigned to, e.g., the
upper band, as dots in which recording is performed at
a maximum gradation (step ST13), as shown in Fig. 4.
In other words, a recording area using a solid pattern is
set up such that in the first and last columns for the solid
pattern, recording by all the dots is performed, and that
in intermediate columns between them, recording by the
subtracted columns is performed. Recording by all the
dots in the first and last columns for the solid pattern is
performed in order that in a pattern such as a solid pat-



9 EP 0 950 527 A2 10

tern rectangle, stitched part of a side may not be lost.
The reason that recording by the subtracted dots in the
intermediate columns is performed is that if recording
by all the dots in the intermediate columns is performed,
arecording is so thick that a so-called "black line" is gen-
erated.

[0091] In step ST14, if the dots in the column are not
in a solid pattern, raster processing from the 238th dot
is performed. In the raster processing, as shown in Fig.
6, it is found whether the 238th dot in the column has a
recording data (step ST15). If the 238th dot in the col-
umn has a recording data, it is found whether the re-
cording data is a first recording data (step ST16). If the
recording data is a first recording data, the first address
of successive data corresponding to the dot is stored
(step ST17), and successive flags are provided (step
ST18). If the recording data is not a first recording data,
successive flags are directly provided (step ST18).
[0092] If the 238th dot in the column has no recording
data, the number of successive flags that have been
provided is found. In accordance with the number of the
successive flags, the numbers of successive flags are
classified into a plurality of groups, and for the groups,
recording data are assigned to the upper and lower
bands. By way of example, in this embodiment, when
the number of the successive flags is 1 (step ST19),
process 1 is performed (step ST20). When the number
of the successive flags is 2, 3, 4, or 5 (step ST21), proc-
ess 2, 3, 4, or 5 is performed (step ST22). When the
number of the successive flags is 6, 7, 8, 9, 10, 11, 12,
13, or 14 (step ST23), process 6, 7, 8, 9, 10, 11, 12, 13,
or 14 is performed (step ST24). When the number of the
successive flags is 15 or greater (step ST25), process
15 or greater is performed (step ST26). The grouping in
accordance with the number of the successive flags
may be performed using any number of successive
flags.

[0093] Inthis embodiment, inthe process 1, as shown
in Fig. 9, recording data are assigned by writing the re-
cording data of the dot in the column in the upper band
(step ST27), and zero (no recording data) in the lower
band (step ST28). Thereby, the recording data are as-
signed as shown in Fig. 10. In Fig. 10, "O" shows the
existence of a recording data, and "X" shows no record-
ing data.

[0094] Inprocess?2, 3, 4, or 5, concerning dots having
provided successive flags, zeros are written in the upper
band (step ST29), as recording data for the dots of the
column at the first address, and recording data are writ-
ten in the lower band (step ST30). The addresses of the
columns in the upper and lower bands are incremented
by one (steps ST31 and ST32). The recording data of
the dots in the next column are written in the upper band
(step ST33), and zeros are written in the lower band
(step ST34). Similarly, the addresses of the columns in
the upper and lower bands are incremented by one
(steps ST31 and ST32). The recording data of the dots
in the column are written in the upper band (step ST33),
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and zeros are written in the lower band (step ST34).
These steps are performed a number of times which is
obtained by subtracting one from the number of the suc-
cessive flags (step ST35), whereby the assignment of
recording data is performed. This assigns recording da-
ta, as shown in Fig. 12.

[0095] In each of processes 6 to 14, as shown in Fig.
13, concerning the dots provided with successive flags,
zeros are written in the upper band (step ST36), as re-
cording data for the dots of the column at the first ad-
dress, and recording data are written in the lower band
(step ST37). The addresses of the columns in the upper
and lower bands are incremented by one (steps ST38
and ST39). Similarly, zeros are written in the upper
band, as the recording data of the dots in the next col-
umn (step ST36), and recording data are written in the
lower band (step ST37). These steps are performed
three times (step ST40). When these steps have been
performed three times, the recording data of the dots in
the next column are written in the upper band (step
ST41), and zeros are written in the lower band (step
ST42). Next, the addresses of the columns in the upper
and lower bands are incremented by one (steps ST43
and ST44). Similarly, the recording data of the dots in
the next column are written in the upper band (step
ST41), and zeros are written in the lower band (step
ST42). These steps are performed a number of times
which is obtained by subtracting three from the number
of the successive flags (step ST45), whereby the as-
signment of recording data is performed. This assigns
recording data, as shown in Fig. 14.

[0096] In process 15 or greater, as shown in Fig. 15,
concerning the dots having provided successive flags,
the recording data of the dots in the column at the first
address are written in the upper band (step ST46), and
zeroes are written in the lower band (step ST47). Next,
the addresses of the columns in the upper and lower
bands are incremented by one (steps ST48 and ST49).
In step ST50, it is determined whether the number of
times for writing has reached the number of the succes-
sive flags (step ST50). If it has reached the number of
the successive flags, assignment of recording data
ends. If it has not reached the number of the successive
flags, zeros are written in the upper band, as recording
data for the dots in the next column (step ST51), and
recording data are written in the lower band (step ST52).
In steps ST53 and ST54, the addresses of the columns
in the upper and lower bands are incremented by one.
Similarly, it is determined whether the number of times
for writing has reached the number of the successive
flags (step ST55). If it has reached the number of the
successive flags, assignment of recording data ends. If
it has not reached the number of the successive flags,
these steps are performed a number of times which is
equal to the number of the successive flags, whereby
the assignment of recording data is performed. This as-
signs recording data, as shown in Fig. 16.

[0097] In addition, as shown in Fig. 6, in the case
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where the dots in the column have no recording data,
and the number of the successive flags is not 1, 2, 3, 4,
5,6,7,8,9 10, 11, 12, 13, 14, 15 or greater, in other
words, the number of the successive flags is zero, the
addresses of the columns in the upper and lower bands
are stored (step ST56), and process 0 is performed
(step ST57). In process 0, as shown in Fig. 7, zero are
written in the upper band, as the recording data of the
dots in the column (step ST58), and zeros are written in
the lower band (step ST59). This assigns recording da-
ta, as shown in Fig. 8.

[0098] At the completion of the above-described
steps, the successive flags are cleared (step ST60), and
the raster processing for the 238th dot is complete.
[0099] As described above, after the assignment of
recording data in the 238th dot, raster processing for the
239th dot is performed (step ST61), and raster process-
ing for the 240th dot is performed (step ST62).

[0100] Subsequently, the address is shifted for the
next column (step ST63), and it is determined whether
recording data assignment for all the columns has been
performed (step ST64). If it has been performed, the as-
signment of recording data is complete. If it has not been
performed, recording data assignment for all the col-
umns is repeatedly performed.

[0101] The above-described embodiment describes
the assignment of the recording data of the 238th dot.
However, assignment of recording data is not limited to
that in the above-described embodiment. In the present
invention, recording data are arbitrarily assigned to the
upper and lower bands in accordance with image infor-
mation, etc. Also the assignment of the recording data
of the 239th and 240th dots may be arbitrarily per-
formed.

[0102] By causing the thermal head to operate based
on the recording data assigned using the above-de-
scribed processes, the desired recording is performed.
[0103] By assigning, based on information of, e.g., cy-
an, magenta, and yellow images, the recording data for
a plurality of colors, the appropriate recording of full
colorimages can be performed. The assignment of each
color may be performed by the same technique or by a
different technique for each color. Also, by assigning,
based on monochrome image information, recording
data, the appropriate recording of monochrome images
can be performed.

[0104] Inthe case where recording data are written in
an upper band and a lower band for one dot, the gener-
ated record may be thick because a record formed by
the upper band of the thermal head overlaps with a
record formed by the lower band of the thermal head. In
this case, at least either the record formed by the upper
band or the record formed by the lower band may be set
to have less gradations.

[0105] Accordingly, in this embodiment, in the case
where dots in the raster direction have recording data,
successive flags are provided to the dots, and only when
the dots have no recording data, the recording data in
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the dots provided with the successive flags are assigned
to the upperand lower bands. Therefore, compared with
aconventional technique in which recording data are as-
signed for each column, the assignment of the recording
data is simplified, which greatly reduces the amount of
processing, and which enables facile and rapid process-
ing. Thereby, the assignment time is approximately 1/2,
compared with that in the conventional technique. Thus,
a high recording speed is realized, and by changing the
diameter of each dot, the image recording method of the
present invention can cope with even a case requiring
multigradation recording.

[0106] Next, concerning a means for assigning the
dots in the overlapping area to the upper and lower
bands, a second embodiment of the present invention
is described below with reference to Figs. 17 to 29.
[0107] Asshownin Fig. 17, initially, amemory for stor-
ing the recording data, and a control circuit are initialized
(step ST101), and an address is set for a dot in an out-
ermost (start) column (in the overlapping area) in which
recording is performed (step ST102).

[0108] It is determined whether the dots of the start
column are in a solid pattern (step ST103). The solid
pattern is a pattern that should be recorded at a maxi-
mum gradation. In the case where all dots in the column
direction are solid, it is determined that the dots are in
a solid pattern.

[0109] If the dots of the columns are in a solid pattern,
a solid flag is provided (step ST104), and solid pattern
processing is performed (step ST105). In the solid pat-
tern processing, it is determined whether the detected
solid pattern is a first solid pattern (step ST106), as
shown in Fig. 18. If the detected solid pattern is a first
solid pattern, the dots in the column direction are as-
signed to, e.g., the upper band, as dots in which record-
ing is performed at a maximum gradation (step ST107).
Obviously, the dots in the column direction may be as-
signed to the lower band. If the detected solid pattern is
not a first pattern, regular pattern processing is per-
formed (step ST108). In the regular pattern processing,
some dots are subtracted from, for example, the dots in
the column direction, and only the dots in which record-
ing is performed are assigned to, e.g., the upper band,
as dots in which recording is performed at a maximum
gradation (step ST109), as shown in Fig. 20.

[0110] Asshown in Fig. 17, the dots of the column are
not in a solid pattern, it is determined whether the dots
of the previous column are in a solid pattern (step
ST110). If the dots of the previous column are in a solid
pattern, return processing is performed (step ST111). In
the return processing, solid flags are cleared (step
ST111), and the dots of the previous column are as-
signed to, e.g., the upper band, as dots in which record-
ing is performed at a maximum gradation (step ST113),
as shown in Fig. 19. In other words, a recording area
using a solid pattern is set up such that in the first and
last columns for the solid pattern, recording by all the
dots is performed, and that in intermediate columns be-
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tween them, recording by the subtracted columns is per-
formed. Recording by all the dots in the first and last
columns for the solid pattern is performed in order that
in a pattern such as a solid pattern rectangle, stitched
part of a side may not be lost. The reason that recording
by the subtracted dots in the intermediate columns is
performed is that if recording by all the dots in the inter-
mediate columns is performed, a recording is so thick
that a so-called "black line" is generated.

[0111] In step ST114, if the dots in the column are not
in a solid pattern, raster processing from the 238th dot
is performed. In the raster processing, as shown in Fig.
21, it is found whether the 238th dot in the column has
a recording data (step ST115). If the 238th dot in the
column has a recording data, it is found whether the re-
cording data is afirst recording data (step ST116). If the
recording data is a first recording data, the first address
of successive data corresponding to the dot is stored
(step ST117), and successive flags are provided (step
ST118). If the recording data is not a first recording data,
successive flags are directly provided (step ST118).
[0112] If the 238th dot has no recording data, the
number of successive flags that have been provided is
found. Based on the number of the successive flags, the
recording data are divided in the center of the raster di-
rection into two groups, and the two groups of recording
data are assigned to the upper and lower bands. At this
time, in the second embodiment, it is determined wheth-
er the number of successive flags is even (step ST119).
If the number of successive flags is even, even-number
processing is performed (step ST120). If the number of
successive flags is not even, it is determined whether
the number of successive flags is odd (step ST121). If
the number of successive flags is odd, odd-number
processing is performed (step ST122).

[0113] For recording the two groups of recording data
in the raster direction, the upper band or the lower band
may be arbitrarily selected. However, in the second em-
bodiment, in the case where a so-called "screen angle"
is formed by appropriately shifting basic dots (basic
cells) in units of the coordinates of a dithering matrix,
the selection of the upper band or the lower band is de-
termined based on the polarity of the screen angle.
[0114] By way of example, in the case where the
screen angle is negative, among the two separate
groups of recording data, the left group of recording data
is assigned to the lower band, and the right group of re-
cording data is assigned to the upper band. When the
screen angle is positive, the left group of recording data
is assigned to the upper band, and the right group of
recording data is assigned to the lower band.

[0115] The reason that the screen angle is set to be
negative or positive is to prevent moire from occurring
when recording is performed by using colors of ink to
overlap, or to stabilize the hues of a recorded image.
[0116] Here, the even-number processing and the
odd-number processing are described below by using
the case where recording is performed so that the
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screen angle is negative.

[0117] The even-number processing is performed as
shown in Fig. 22. Initially, value N is computed by divid-
ing the number of successive flags by 2 (step ST123).
Zeros are written in the upper band, as the recording
data in the dots of the column having the first address,
among the dots provided with the successive flags (step
ST124), and the recording data are written in the lower
band (step ST125). Next, The addresses of the columns
in the upper and lower bands are incremented by one
(steps ST126 and ST127). Similarly, in the dots in the
next column, zeros (as recording data) are written (step
ST124), and the recording data are written in the lower
band (step ST125). These steps are performed N times
(step ST128). When these steps have been performed
N times, the recording data in the dots in the next column
are written in the upper band (step ST129), and zeros
are written in the lower band (step ST130). Next, The
addresses of the columns in the upper and lower bands
are incremented by one (steps ST131 and ST132). Sim-
ilarly, the recording data in the dots in the next column
are written in the upper band (step ST129), and zeros
are written in the lower band (step ST130). These steps
are performed (the number of data - N) times (step
ST138), whereby the assignment of the recording data
is performed. This assigns the recording data, as shown
in Fig. 23. In Fig. 28, "O" shows the existence of a re-
cording data, and "X" shows no recording data.

[0118] Next, the odd-number processing is described
below with reference to Figs. 24 and 25.

[0119] In the case where the number of successive
flags is odd, the successive flags cannot be divided in
the raster direction into equal numbers of right and left
groups, and some successive flags remain. According-
ly, by adding the remaining successive flags to either
the right or left group, each recording data is written in
either upper or lower band.

[0120] Inthe second embodiment, in the rasterization
for the 238th dot, the assignment is performed so that
a remaining one dot is added to the left group. In other
words, as shown in Fig. 24, value M is computed by di-
viding (the number of successive flags - 1) by 2 (step
ST134). Zeros are written in the upper band, as the re-
cording data in the dots of the column having the first
address, among the dots provided with the successive
flags (step ST135), and the recording data are written
in the lower band (step ST136). The addresses of the
columns in the upper and lower bands are incremented
by one (steps ST137 and ST138). Similarly, in the dots
in the next column, zeros (as recording data) are written
(step ST135), and the recording data are written in the
lower band (step ST136). These steps are performed N
times (step ST139). When these steps have been per-
formed N times, the recording data in the dots in the next
column are written in the upper band (step ST140), and
zeros are written in the lower band (step ST141). The
addresses of the columns in the upper and lower bands
are incremented by one (steps ST142 and ST143). Sim-
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ilarly, the recording data in the dots in the next column
are written in the upper band (step ST140), and zeros
are written in the lower band (step ST141). These steps
are performed (the number of recording data - M) times
(step ST144), whereby the assignment of the recording
data is performed. This assigns the recording data, as
shown in Fig. 25.

[0121] It may be arbitrarily determined whether the
one dot of the remaining flag in the odd-number
processing is added to the right group or the left group.
In the second embodiment, the columns corresponding
o the 238th and 239th dots are added to the left group,
and the column corresponding to the 240th column is
added to the right group.

[0122] In the case where the dots of a column have
no recording data, and the number of successive flags
is zero, the addresses of the column in the upper and
lower bands are stored (step ST145), and process O is
performed (step ST146), as shown in Fig. 21. In process
0, zeros are written in the upper band, as recording data
in the dots of the column (step ST147), and zeros are
written in the lower band (step ST148). This assigns the
recording data, as shown in Fig. 27.

[0123] When each of the above-described processing
is completed, the successive flags are cleared (step
ST149) to complete rasterization for the 238th dot.
[0124] Aifter the assignment of the recording data in
the 238th dot as described above, rasterization for the
239th dot is performed (step ST150), and rasterization
for the 240th dot is performed (step ST151), as shown
in Fig. 17.

[0125] Subsequently, the address is shifted for the
next column (step ST152), and it is determined whether
the assignment of the recording data in all the columns
has been performed (step ST153). If the assignment of
the recording data in all the columns has been per-
formed, the assignment is completed. If the assignment
of the recording data in all the columns has not been
performed yet, the assignment of the recording data is
repeatedly performed for all the columns.

[0126] By operating the thermal head, based on the
assigned recording data, the desired recording is per-
formed.

[0127] The second embodiment describes the as-
signment of the recording data in the case where the
screen angle is negative. However, in the case where
recording is performed so that the screen angle is pos-
itive, the recording data assigned to the upper and lower
bands are conversely assigned.

[0128] Specifically, in the even-number processing
and the odd-number processing, the recording data writ-
ten in the upper band when the screen angle is negative
are written in the lower band, and zeros (no recording
data) are written in the upper band. In addition, the re-
cording data written in the lower band are written in the
upper band, and zeros are written in the lower band.
Thereby, the recording data are assigned as shown in
Figs. 28 and 29.
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[0129] By assigning, based on information of, e.g., cy-
an, magenta, and yellow images, the recording data for
a plurality of colors, the appropriate recording of full
color images can be performed. Concerning the assign-
ment of each color, recording data may be assigned
based on the same even-number and the same odd-
number processing for each color, and recording data
may be assigned so that even-number processing and
odd-number processing differ in accordance with each
color.

[0130] Also, by assigning, based on monochrome im-
age information, recording data, the appropriate record-
ing of monochrome images can be performed.

[0131] In the second embodiment, when the dots in
the raster direction have recording data, successive
flags are provided to the dots, and only when the dots
in the raster direction have no recording data, the suc-
cessive dots provided with the successive flags are di-
vided into two groups, namely, right and left groups, and
the recording data in the successive dots are regularly
assigned to the upper and lower bands. Therefore, com-
pared with a conventional case where the assignment
of recording data for each column is performed, the as-
signment of the recording data is simplified, which great-
ly reduces the amount of processing, and which enables
facile and rapid processing. Thereby, the assignment
time is extremely reduced, compared with that in the
conventional technique. Thus, a high recording speed
is realized, and by changing the diameter of each dot,
the image recording method of the present invention can
cope with even a case requiring multigradation record-
ing.

[0132] Inaddition, as shown in Fig. 30, the successive
dots provided with the successive flags are divided into
two groups, namely, right and left groups, and the re-
cording data in the successive dots are assigned to the
upper and lower bands in a fixed form. Thus, as shown
in Fig. 31, in the case where the screen angle is nega-
tive, even if the paper feeding pitch narrows, the dis-
tance between dots based on the recording data as-
signed to the lower band is maintained to be appropri-
ate, which prevents a small distance between dots from
appearing, and which prevents black lines from appear-
ing.

[0133] Conversely, if the paper feeding pitch increas-
es as shown in Fig. 32, the distance between dots based
on the recording data assigned to the upper band is
maintained to be appropriate, which prevents a large
distance between dots from appearing, and which pre-
vents white lines from occurring.

[0134] Moreover, efficient clear recording using pref-
erable connection of dots can be performed such that
when recording is performed so that the screen angle is
negative, among the recording data in the dots provided
with the successive flags divided into the right and left
groups, the left recording data are written in the lower
band, and the right recording data are written in the up-
per band, and when the screen angle is positive, among
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the recording data in the dots provided with the succes-
sive flags divided into the right and left groups, the left
recording data are written in the upper band, and the
right recording data are written in the lower band.
[0135] Next, concerning a means for assigning the
dots in the overlapping area to the upper and lower
bands, a third embodiment of the present invention is
described below with reference to Figs. 33 and 34.
[0136] Referringto Fig. 33, initially, a memory for stor-
ing the recording data, and a control circuit are initialized
(step ST201), and an address is set for a dot in an out-
ermost (start) column (in the overlapping area) in which
recording is performed (step ST202).

[0137] It is determined whether the dots of the start
column are in a solid pattern (step ST203). The solid
pattern is a pattern that should be recorded at a maxi-
mum gradation. In the case where all dots in the column
direction are solid, it is determined that the dots are in
a solid pattern.

[0138] If the dots of the columns are in a solid pattern,
a solid flag is provided (step ST204), and solid pattern
processing is performed (step ST205). In the solid pat-
tern processing, it is determined whether the detected
solid pattern is a first solid pattern (step ST206) as
shown in Fig. 34. If the detected solid pattern is a first
solid pattern, the dots in the column direction are as-
signed to, e.g., the upper band, as dots in which record-
ing is performed at a maximum gradation (step ST207).
Obviously, the dots in the column direction may be as-
signed to the lower band. If the detected solid pattern is
not a first pattern, regular pattern processing is per-
formed (step ST208). In the regular pattern processing,
some dots are subtracted from, for example, the dots in
the column direction, and only the dots in which record-
ing is performed are assigned to, e.g., the upper band,
as dots in which recording is performed at a maximum
gradation (step ST209), as shown in Fig. 36.

[0139] Asshown in Fig. 33, the dots of the column are
not in a solid pattern, it is determined whether the dots
of the previous column are in a solid pattern (step
ST210). If the dots of the previous column are in a solid
pattern, return processing is performed (step ST211). In
the return processing, solid flags are cleared (step
ST211), and the dots of the previous column are as-
signed to, e.g., the upper band, as dots in which record-
ing is performed at a maximum gradation (step ST213),
as shown in Fig. 35. In other words, a recording area
using a solid pattern is set up such that in the first and
last columns for the solid pattern, recording by all the
dots is performed, and that in intermediate columns be-
tween them, recording by the subtracted columns is per-
formed. Recording by all the dots in the first and last
columns for the solid pattern is performed in order that
in a pattern such as a solid pattern rectangle, stitched
part of a side may not be lost. The reason that recording
by the subtracted dots in the intermediate columns is
performed is that if recording by all the dots in the inter-
mediate columns is performed, a recording is so thick
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that a so-called "black line" is generated.

[0140] Instep ST214, if the dots in the column are not
in a solid pattern, raster processing from the 238th dot
is performed. In the raster processing, as shown in Fig.
6, it is found whether the 238th dot in the column has a
recording data (step ST215). If the 238th dot in the col-
umn has a recording data, it is found whether the re-
cording data is a first recording data (step ST216). If the
recording data is a first recording data, the first address
of successive data corresponding to the dot is stored
(step ST217), and successive flags are provided (step
ST218). If the recording data is not a first recording data,
successive flags are directly provided (step ST218).
[0141] If the 238th dot in the column has no recording
data, the number of successive flags that have been
provided is found. In accordance with the number of suc-
cessive flags, the assignment of recording data is per-
formed by an arbitrary process such as process 1 (step
ST220), process 2 (step ST221), or process 3 (step
ST224).

[0142] In the third embodiment, when the number of
successive flags is 15 or greater (step ST227), the re-
cording data as a group are assigned (step ST228). The
assignment of the recording data is not limited to this
technique, but the assignment of the recording data may
be set to be performed for cases where the number of
successive flags is not less than 15. Conversely, the as-
signment of the recording data is not performed for cas-
es where the number of successive flags is not more
than 15, but the simultaneous assignment of the record-
ing data may be performed classifying the numbers of
successive flags.

[0143] The assignment of the successive flags is spe-
cifically described as follows:

The number of successive flags is found. In accordance
with the number of successive flags, from among the
recording data in the dots provided with the successive
flags, at least the recording data in one predetermined
dot is extracted, and the extracted recording data is add-
ed to other dots (in the raster direction) having no re-
cording data. At the same time, the recording data are
assigned to the upper and lower bands. At this time, de-
termination of which dot the recording data should be
extracted from, and which dot the recording data should
be added to, may be arbitrarily performed so that black
lines and white lines hardly appear. The determination
is performed with reference to dot concentration caused
by the number of gradations, difference in recording pa-
per, etc., and recording reproducibility such as a shape
and an outline. Finally, when all parameters related to
recording conditions are determined, and the presentin-
vention is embodied as a product such as a heat transfer
printer, a technique for assigning the recording data is
completely determined depending on the classification
of processing in accordance with each number of suc-
cessive flags. In the third embodiment, the recording da-
ta in the right dots provided with the successive flags
are shifted to the dots on the right in the raster direction
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which have no recording data.

[0144] Forrecordingthe two groups of recording data
in the raster direction, the upper band or the lower band
may be arbitrarily selected. However, in the second em-
bodiment, in the case where a so-called "screen angle"
is formed by appropriately shifting basic dots (basic
cells) in units of the coordinates of a dithering matrix,
the selection of the upper band or the lower band is de-
termined based on the polarity of the screen angle.
[0145] By way of example, when the screen angle is
positive, the right recording data extracted and added
are assigned to the lower band, and the remaining left
recording data are assigned to the upper band.

[0146] When the screen angle is negative, the right
recording data extracted and added are assigned to the
upper band, and the remaining left recording data are
assigned to the lower band.

[0147] In the third embodiment, in accordance with
the number of successive flags and the direction of the
screen angle, the following conditions are predeter-
mined: which of the dots should be used for extraction;
how many recording data should be extracted; and to
which of the dots the extracted recording data should
be added.

[0148] By way of example, when the number of suc-
cessive flags is two, process 2 is performed (step
ST222). From among the recording data in two succes-
sive dots in the raster direction (as shown in Fig. 38),
the right recording data is extracted and added to the
dot positioned two dots right. When the screen angle is
positive, the right recording data extracted and added is
assigned to the lower band, and the other left recording
data is assigned to the upper band.

[0149] Conversely, when the screen angle is nega-
tive, the right recording data extracted and added is as-
signed to the upper band, and the other left recording
data is assigned to the lower band. In Fig. 38, "O" shows
the existence of a recording data, and "X" shows no re-
cording data.

[0150] Accordingly, as shownin Fig. 39, in the assign-
ment of the recording data in the case where the number
of successive flags is two and the screen angle is pos-
itive, the recording data are written in the upper band,
as the recording data in the dots of the column having
the first address, among the recording data in the dots
provided with the successive flags (step ST229), and
zeros (no recording data) are written in the lower band
(step ST230). The addresses of the columns in the up-
per and lower bands are incremented by one (steps
ST231 and ST232), and zeros as recording data in the
dots of the next column are written in the upper and low-
er bands (steps ST233 and ST234). The addresses of
the columns in the upper and lower bands are incre-
mented by one (steps ST235 and ST236), and zeros as
recording data in the dots of the next column are written
in both the upper and lower bands (steps ST237 and
ST238). The addresses of the columns in the upper and
lower bands are incremented by one again (steps
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ST239 and ST240). Zeros are written in the upper band
(step ST241), and recording data are written in the lower
band (step ST242), whereby the assignment of the re-
cording data is performed.

[0151] Referringto Fig. 42, the assignment of the re-
cording data in the case where the number of succes-
sive flags is two and the screen angle is negative is set
up such that the recording data are assigned to the up-
per and lower bands, symmetrically to the assignment
in the case where the screen angle is positive. In the
upper band, zeros are written as the recording data in
the dots of the column having the first address (step
ST243), and recording data are written in the lower band
(step ST244). The addresses of the columns in the up-
per and lower bands are incremented by one (steps
ST245 and ST246), and zeros as recording data in the
dots of the next column are written in the upper and low-
er bands (steps ST247 and ST248). The addresses of
the columns in the upper and lower bands are incre-
mented by one (steps ST249 and ST250), and zeros as
recording data in the dots of the next column are written
in the upper and lower bands (steps ST251 and ST252).
[0152] The addresses of the columns in the upper and
lower bands are incremented by one again (steps
ST253 and ST254). Recording data are written in the
upper band (step ST255), and zeros are written in the
lower band (step ST256), whereby the assignment of
the recording data is performed.

[0153] Ifthe numberof successive flags is three, proc-
ess 3 is performed (step ST224). As shown in Fig. 41,
from among the recording data in three successive dots
in the raster direction, the most right recording data is
extracted and added to the adjacent dot. When the
screen angle is positive, the added recording data is as-
signed to the lower band, and the other recording data
are assigned to the upper band.

[0154] Conversely, when the screen angle is nega-
tive, the added recording data is assigned to the upper
band, and the other recording data are assigned to the
lower band.

[01565] As shown in Fig. 42, in the assignment of the
recording data in the case where the number of succes-
sive flags is three and the screen angle is positive, the
recording data are written in the upper band, as the re-
cording data in the dots of the column having the first
address (step ST257), and zeros are written in the lower
band (step ST258). The addresses of the columns in the
upper and lower bands are incremented by one (steps
ST259 and ST260). Recording data as the recording da-
ta in the dots of the next column are written in the upper
band (step ST261), and zeros are written in the lower
band (step ST262). The addresses of the columns in the
upper and lower bands are incremented by one (steps
ST263 and ST264), and zeros as recording data in the
dots of the next column are written in the upper and low-
er bands (steps ST265 and ST266). The addresses of
the columns in the upper and lower bands are incre-
mented by one again (steps ST267 and ST268). Zeros
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are written in the upper band (step ST269), and record-
ing data are written in the lower band (step ST270),
whereby the assignment of the recording data is per-
formed.

[0156] As shown in Fig. 43, in the assignment of the
recording data in the case where the number of succes-
sive flags is three and the screen angle is negative, ze-
ros are written in the upper band, as the recording data
in the dots having the first address, among the dots pro-
vided with the successive flags (step ST271), and the
recording data are written in the lower band (step
ST272). The addresses of the columns in the upper and
lower bands are incremented by one (steps ST273 and
ST274), and zeros are written as the recording data in
the dots of the next column (step ST275), and the re-
cording data are written in the lower band (step ST276).
The addresses of the columns in the upper and lower
bands are incremented by one (steps ST277 and
ST278), and zeros are written in the upper and lower
bands, as the recording data in the dots of the next col-
umn (steps ST279 and ST280). The addresses of the
columns in the upper and lower bands are incremented
by one (steps ST281 and ST282). The recording data
are written in the upper band (step ST283), and zeros
are written in the lower band (step ST284), whereby the
assignment of the recording data is performed.

[0167] When recording has been performed at a pos-
itive screen angle by using the assignment of recording
data in the overlapping area in the case where the
number of successive flags is three, recording patterns
are as shown in Figs. 44 to 46.

[0158] In the case where the paper feeding pitch is
appropriate as shown in Fig. 44, neither black line nor
white line is generated.

[0159] In the case where the paper feeding pitch is
small as shown in Fig. 45, the most right dot (extracted
and added dot) among the dots provided with the suc-
cessive flags in the lower band covers the most left dot
among the dots provided with the successive flags in
the upper band so that the two dots look as one, and a
blank is formed where the dot was extracted. Thus, an
increase in the recording density is suppressed as a
whole.

[0160] In the case where the paper feeding pitch is
large as shown in Fig. 46, a record by the most right dot
among the dots provided with the successive flags is
formed between the upper and lower bands. Thus, the
formation of a blank is suppressed, and a decrease in
the recording density is prevented as a whole.

[0161] Also, recording patterns in the case where re-
cording is performed at a negative screen angle are in
accordance with values of the paper feeding pitch, and
are shown in Figs. 47 to 49.

[0162] In the case where the paper feeding pitch is
appropriate as shown in Fig. 47, neither black line nor
white line is generated.

[0163] In the case where the paper feeding pitch is
small as shown in Fig. 48, the most left dot (extracted
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and added dot) among the dots provided with the suc-
cessive flags in the lower band covers the most right dot
among the dots provided with the successive flags in
the upper band so that the two dots look as one, and a
blank is formed where the dot was extracted. Thus, an
increase in the recording density is suppressed as a
whole.

[0164] In the case where the paper feeding pitch is
large as shown in Fig. 49, the most right dot among the
dots provided with the successive flags remains be-
tween the upper and lower bands when recording is per-
formed. Thus, the formation of a blank is suppressed,
and a decrease in the recording density is prevented as
a whole.

[0165] Inthe assignment of recording data, in addition
to the above-described processing in which the right re-
cording data are extracted and added, recording data
may be separately added in accordance with the degree
of paper feeding errors.

[0166] By way of example, as shown in Figs. 50 and
51, in the case where the number of successive flags is
three, the recording data in the third dot among succes-
sive three dots may be extracted and shifted one dot
right, and in accordance with the number of gradations,
a recording data is added in the position of the fifth dot
on the right of the extracted and added dot.

[0167] In the case where the number Y of gradations
of a recording data in the third dot is 10 or less among
gradations 1 to 15, as shown in Fig. 50, the recording
data having gradation Y in the third dot is extracted and
assigned to the fourth dot which is more right. At the
same time, the number of gradations of a recording data
in the second dot is reduced to eight, and recording data
for the reduced eight gradations are assigned so as to
be added in the position of the fifth dot.

[0168] In the case where the number Y of gradations
of arecording data in the third dot is 11 or greater among
gradations 1 to 15, as shown in Fig. 51, the recording
data having gradation Y in the third dot is extracted and
assigned to the fourth dot which is more right, and re-
cording data for eight gradations are assigned so as to
be added in the position of the fifth dot.

[0169] Inthe case where the dots of the columns have
no recording data, in other words, the number of suc-
cessive flags is zero, the addresses of the columns in
the upper and lower bands are stored (step ST285), and
process O is performed (step ST286). In process 0, as
shown in Fig. 55, zero are written in the upper band, as
the recording data of the dots in the column (step
ST287), and zeros are written in the lower band (step
ST288). This assigns recording data, as shown in Fig.
56.

[0170] At the completion of the above-described
steps, the successive flags are cleared (step ST289),
and the raster processing for the 238th dot is complete.
[0171] As described above, after the assignment of
recording data in the 238th dot, raster processing for the
239th dot as shown in Fig. 33is performed (step ST290),
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and raster processing for the 240th dot is performed
(step ST291).

[0172] Subsequently, the address is shifted for the
next column (step ST292), and it is determined whether
recording data assignment for all the columns has been
performed (step ST293). If it has been performed, the
assignment of recording data is complete. If it has not
been performed, recording data assignment for all the
columns is repeatedly performed.

[0173] The third embodiment describes the assign-
ment of the recording data of the 238th dot. However,
assignment of recording data in the present invention is
not limited to that in the third embodiment. In the present
invention, recording data are arbitrarily assigned to the
upper and lower bands in accordance with image infor-
mation, etc. Also the assignment of the recording data
of the 239th and 240th dots is arbitrarily performed.
[0174] By causing the thermal head to operate based
on the recording data assigned using the above-de-
scribed processes, the desired recording is performed.
[0175] By assigning, based on information of, e.g., cy-
an, magenta, and yellow images, the recording data for
a plurality of colors, the appropriate recording of full
colorimages can be performed. The assignment of each
color may be performed by the same technique or by a
different technique for each color. For example, when a
magenta ink ribbon is used to perform recording, the as-
signment of recording data for performing recording at
a positive screen angle is performed, and when a cyan
ink ribbon is used to perform recording, the assignment
of recording data for performing recording at a negative
screen angle is performed.

[0176] Also, by assigning, based on monochrome im-
age information, recording data, the appropriate record-
ing of monochrome images can be performed.

[0177] Accordingly, in third embodiment, in the case
where dots in the raster direction have recording data,
successive flags are provided to the dots, and only when
the dots have no recording data, the recording data in
the dots provided with the successive flags are provided
tothe upper and lower bands. Therefore, compared with
aconventional technique in which recording data are as-
signed for each column, the assignment of the recording
data is simplified, which greatly reduces the amount of
processing, and which enables facile and rapid process-
ing. Thereby, the assignment time is approximately 1/2,
compared with that in the conventional technique. Thus,
a high recording speed is realized, and by changing the
diameter of each dot, the image recording method of the
present invention can cope with even a case requiring
multigradation recording.

[0178] In addition, by performing the steps of extract-
ing recording data in some dots among dots provided
with successive flags; adding the exiracted recording
data to dots in the raster direction which have no record-
ing data; and assigning the recording data to a upper
band and a lower band, it is possible to suppress an in-
crease in a recording density which is caused by suc-
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cession of recording dots in the upper and lower bands
when a paper feeding pitch is small, and to suppress a
decrease in the recording density which is caused by
blanks formed between the upper and lower bands
when the paper feeding pitch is large. Thus, this pre-
vents black lines and white lines from appearing in re-
cording images.

[0179] The present invention is not limited to the fore-
going embodiments, but may be modified if necessary.
[0180] The foregoing embodiments describe the fore-
going image recording methods as types of image re-
cording method for thermal transfer printers. However,
the present invention is not limited to the image record-
ing method for thermal transfer printers, but may be ap-
plied to serial ink-jet printers, etc.

Claims

1. An image recording method comprising the steps
of:

feeding recording paper so that recording is
performed by using an upper band as a record-
ing area formed by one scan of a recording
head, and a lower band as a recording area
formed by the next scan of said recording head
s0 as to overlap in a plurality of dots;
performing assignment of recording data in the
dots in the overlapping recording area to said
upper band and said lower band; and

driving, based on the assigned recording data,
the recording elements of said recording head
to perform recording;

wherein the assignment comprises the steps
of:

successively identifying each dot of said re-
cording head in the scanning direction thereof;
providing successive flags to the dots when the
dots have the recording data; and

assigning, to said upper band and said lower
band, the recording data in the successive dots
provided with said successive flags only when
no recording data is detected.

2. An image recording method according to Claim 1,
wherein the numbers of said successive flags are
classified in accordance with the total number of
said successive flags into a plurality of groups, and
the assignment is performed for each group.

3. An image recording method according to Claim 2,
wherein based on information on at least cyan, ma-
genta, and yellow images, the recording data cor-
responding to the colors are assigned for perform-
ing full color recording.

4. An image recording method according to Claim 2,
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wherein recording data as monochrome image in-
formation are assigned for performing monochrome
recording.

An image recording method comprising the steps
of:

feeding recording paper so that recording is
performed by using an upper band as a record-
ing area formed by one scan of a recording
head, and a lower band as a recording area
formed by the next scan of said recording head
s0 as to overlap in a plurality of dots;
performing assignment of recording data in the
dots in the overlapping recording area to said
upper band and said lower band; and

driving, based on the assigned recording data,
the recording elements of said recording head
to perform recording;

wherein the assignment comprises the steps
of:

successively identifying each dot of said re-
cording head in the scanning direction thereof;
providing successive flags to the dots when the
dots have the recording data; and

dividing, into two groups, the recording data in
the successive dots provided with said succes-
sive flags only when no recording data is de-
tected, and assigning the groups to said upper
band and said lower band.

An image recording method according to Claim 5,
wherein when recording is performed at a negative
screen angle obtained by shifting an arrangement
of basic cells downward, among the recording data
in the successive dots divided into the two groups
in the scanning direction of said recording head, the
recording data on the left of the scanning direction
are assigned to said lower band, and the recording
data on the right of the scanning direction are as-
signed to said upper band, and

when recording is performed at a positive
screen angle obtained by shifting the arrangement
of basic cells, among the recording data in the suc-
cessive dots divided into the two groups in the scan-
ning direction of said recording head, the recording
data on the left of the scanning direction are as-
signed to said upper band, and the recording data
on the right of the scanning direction are assigned
to said lower band.

An image recording method according to Claim 6,
wherein based on information on at least cyan, ma-
genta, and yellow images, the recording data cor-
responding to the colors are assigned for perform-
ing full color recording.

An image recording method according to Claim 6,
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wherein recording data as monochrome image in-
formation are assigned for performing monochrome
recording.

An image recording method comprising the steps
of:

feeding recording paper so that recording is
performed by using an upper band as a record-
ing area formed by one scan of a recording
head, and a lower band as a recording area
formed by the next scan of said recording head
s0 as to overlap in a plurality of dots;
performing assignment of recording data in the
dots in the overlapping recording area to said
upper band and said lower band; and

driving, based on the assigned recording data,
the recording elements of said recording head
to perform recording;

wherein the assignment comprises the steps
of:

successively identifying each dot of said re-
cording head in the scanning direction thereof;
providing successive flags to the dots when the
dots have the recording data;

extracting the recording data in at least one dot
from among the recording data in the succes-
sive dots provided with said successive flags
only when no recording data is detected, and
adding the extracted recording data to another
dot in the scanning direction which has no re-
cording data; and

assigning the extracted and added recording
data to said upper band and said lower band.

An image recording method according to Claim 9,
wherein among the recording data in the succes-
sive dots, the right recording data are extracted and
added to the right dots having no recording data,
and when recording is performed at a positive
screen angle, the added recording data are as-
signed to said lower band, and the other recording
data are assigned to said upper band, while when
recording is performed at a negative screen angle,
the added recording data are assigned to said up-
perband, and the other recording data are assigned
to said lower band.

An image recording method according to Claim 10,
wherein based on information on at least cyan, ma-
genta, and yellow images, the recording data cor-
responding to the colors are assigned for perform-
ing full color recording.

An image recording method according to Claim 10,
wherein recording data as monochrome image in-
formation are assigned for performing monochrome
recording.
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